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The HELP Clinical Decision-Support System 
Reed M. Gardner, Ph.D* 
Editor's Note: This article is geared to the future 
when physicians' offices will be linked to hospital 
computer systems with interactive capabilities. 
This paper outlines an approach to hospital deci-
sion-making systems and data collecting capabilities 
which will allow office-based physicians to access 
hospital records and systems. Ultimately it will be 
possible to monitor a patient in the hospital from a 
physician 's office. 
ABSTRACT 
This paper describes the innovative and state-of-the-art 
hospital information system in development and use at 
LOS Hospital in Salt Lake City. The system, called HELP, 
is an "expert system" with built-in decision-making 
capabilities. It integrates computerized medical records 
with patient information drawn from many clinical cen-
ters. 
The HELP system has been used to improve patient 
care and clinical decision support. It has helped to detect 
adverse drug events, facilitated continuous quality im-
provement application, and minimized iatrogenic illness 
by providing computerized decision support. 
The author provides insights on the development pro-
cess and the overall goals and revision of the HELP's 
medical informatics development group. These may help 
other hospitals overcome obstacles during their own in-
formation system development process. 
Key words: Clinical decision-support systems; medical 
informatics; automated/computerized patient records; 
decision-making support systems; medical computing; 
hospital information systems. 
THE NEED FOR TIMELY INFORMATION 
The ultimate purpose of a medical record, be it hand-
written or computerized, is to provide data so physi-
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cians and other care givers can make timely and accu-
rate medical decisions. Along the way, the medical 
record must also serve other purposes such as provid-
ing an "audit" trail for the care process and generating 
a record for billing. 
... as a result of 'batch' mind 
set, many times patient care is 
compromised. 
Recently, the Institute of Medicine declared that a 
computer-based patient medical record was an essen-
tial technology for health care.1 Hand-written paper 
medical records are limited in their ability to assist in 
alerting or advising physicians, nurses, or other health 
care professionals. As a result, in most hospitals, multi-
ple strategies are used to get time-critical information 
to health cm·e decision-makers. For example, phone 
calls or electronic pagers may be used. Reporting sys-
tems in most hospitals are "batch" systems. For exam-
ple, nursing reports are finalized at the time of nursing 
shift changes; chemistry results may be reported after 
all the tests are completed, etc. As a result of this 
"batch" mind set, many times patient care is compro-
mised. 
AN INTRODUCTION TO THE LOS SYSTEM 
LDS Hospital is a 520-bed, private, tertiary care hospi-
tal and a major teaching center for the University of 
Utah School of Medicine. It is located in Salt Lake City. 
At LDS, much of the patient's medical record is compu-
terized. A considerable amount of the patient's medical 
record is obtained by automated means and stored in 
the HELP computer system.2· 3 The HELP hospital infor-
mation system has been under development for the 
past 20 years. HELP is an integrated, clinically-oriented 
system that has medical decision-making capabilities. 
Daily clinical operation of the LDS Hospital is now 
dependent on the HELP computer system. A key fea-
ture of the HELP system is its integrated computerized 
medical record that contains patient information from 
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Figure 1. Schematic block diagram of the HELP system. 
The central database is shown in the middle. Data flow from 
many clinical data sources is shown by the inward pointing 
arrows. As the data flows into the database it passes through 
a dark "stippled" area. This area is schematic of the "data" 
drive capability of the system. As data flow in from the various 
sources, knowledge from the system's expert system is ap-
plied to the data to determine if alerts or therapeutic sugges-
tions should be made. 
clinical areas such as the laboratory, pharmacy, nurs-
ing, surgery, intensive care, medical records and other 
locations (See Fig. 1). In addition, the HELP computer 
system is an "expert system" and has built-in decision-
making capabilities. 
IMPROVING PATIENT CARE 
McDonald and Eddy have clearly shown that humans 
are not perfect information processors.4-7 In fact Eddy 
made the statement " ... All confirm what would be 
expected from common sense: the complexity of medi-
cine exceeds the inherent limitations of the unaided 
human mind. "7 Computers should be able to assist in 
the medical care process. 
The HELP system has been used to improve patient 
care in several clinical areas. Examples of how the 
HELP system has been used in clinical decision-sup-
port include: 
• Detection of Adverse Drug Events (ADE). 
The system has been used to monitor laboratory test 
results, medication orders, and sources of clinical data 
to detect more than 80 times the number of ADEs pre-
viously found. 8 As a follow-up to the ADE system devel-
opment, we are now using the HELP system to prevent 
ADEs and minimize their seriousness by using "real-
time" problem detection and follow-up. 9• 10 
• Facilitating the Application of CQI. Continu-
ous Quality Improvement (CQI) principles have been 
applied using the HELP system as the data source. It 
is increasingly recognized that the elimination of un-
necessary variation in clinical care has the potential to 
improve the quality of care and can lead to prevention 
of adverse events. Development of clinical epidemio-
logical techniques allows investigators to identify varia-
tions in care and intervene when necessary. Intensive 
surveillance and analysis of variations with feedback 
to providers can reduce the rates of adverse patient 
outcomes. However, cost-effective surveillance and in-
tervention requires timely access to all the patient data. 
The computer-based medical record provided by an 
integrated hospital information system allows clini-
cians to acquire, process, manage, and store clinical 
data on all patients in a more efficient and usable form. 
Computer-based medical records provide the neces-
sary tools to identify and reduce unnecessary variation 
in clinical care by eliminating the information acquisi-
tion, processing, and action element missing in most 
hospitals today. Clinical computer systems enable 
health care providers to identify and monitor known 
relationships between clinical events and patient out-
comes for both good and bad events. 10 
• Minimizing Iatrogenic or Hospital Acquired 
Illness. Iatrogenic illness is a major factor contribut-
ing to negative patient outcomes. These negative out-
comes include morbidity and mortality. A recent study 
demonstrated that the most common adverse events in 
hospitalized patients are drug-related. 11 Careful studies 
have demonstrated that most of the ADEs were a result 
of drug dosing errors. Recent studies done at LDS Hos-
pital have shown that ADEs were poorly reported be-
fore computerized mechanisms were put in place to 
detect them. Now methods are in place to prevent and 
more quickly detect ADEs so their adverse effects can 
be minimized. 
Computers should be able to 
assist in the medical care 
process. 
• Providing Decision-Making Support. Comput-
ers have been demonstrated to assist physicians in deci-
sion-making. The human mind has inherent limitations 
and can be subject to data overload.4 Since humans are 
imperfect information processors and clinical medicine 
is a very information intensive industry, it is no wonder 
that mistakes are made. , It is unrealistic to believe that 
the unaided human mind can accurately synthesize all 
the necessary pieces of patient-specific laboratory and 
other findings along with all the pharmacology and 
modeling to detect every potential problem. Take, for 
example, the prescription of the antibiotic lmipenem.9 
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At least 32 factors must be taken into consideration as 
Imipenem and its dosage are considered including: drug 
ordering; drug administration; specific patient factors; 
physiological factors; and pharmacologic factors. 
• Aiding Infection Control. Hospital infection 
control and surveillance is typically a manual process. 
However, computerized infectious disease monitoring 
is done much more efficiently and effectively. More 
approptiate prophylactic antibiotic administration be-
fore surgery has dramatically reduced surgical wound 
infections. 12- 16 
. . . computerized infectious 
disease monitoring ... is more 
efficient and effective. 
• Providing Treatment Protocols. One of the 
more recent and exciting projects developed on the 
HELP system relates to protocol control of patient ven-
tilation. Patients with adult respiratory distress syn-
drome routinely have their ventilator settings adjusted 
based on computerized recommendations. 17• 18 As a con-
sequence of developing these treatment protocols there 
is less variation in the care process and survival has 
improved from 9% to over 40%. 18 We have also found 
that in addition to survival improvement, there has been 
a desire on the part of the medical staff to develop 
consensus standards and guidelines to provide care for 
other patient care processes. 17• 18 
LESSONS LEARNED 
In the process of developing the HELP system we 
have learned numerous "untold" lessons. These include 
the following: 
Lesson 1: Make reasonable compromises. Like ev-
ery group of developers of medical computing systems, 
we have learned more about how not to do things per-
haps at a greater velocity than we have learned how to 
best do them. To give an example of a compromise, 
our clinicians indicated that they wanted very rapid 
patient data review capability. To achieve fast response 
speed, we have designed a data base that is time and 
"patient" oriented. Unfortunately, searching the same 
data base is not particularly fast when someone asks 
us to petiorm a search of all the patients in the hospital 
who have had a serum potassium of greater than 5.6. 
Lesson 2: Collaboration with clinical colleagues is 
crucial in the development of a clinically-useful system. 
Being physically "onsite" so that we can interact with 
our fellow colleagues and jointly work through prob-
lems has been crucial in developing a working and 
worthwhile system. 19 Also a joint level of trust between 
clinicians and medical informatics professionals seems 
to be an important attribute of our system development 
success. 
Lesson 3: Medicine is much more complex in its 
social structure and application of scientific results 
than any of us estimated. We feel that if we can develop 
a clinical computer application after only 3 or 4 at-
tempts, we have been very successful. As many have 
noted, medicine has not developed standards or even 
guidelines for much of what is done clinically. As a 
result, those of us in the medical informatics field must 
help move the standards development process along . 
At times we find we are using the computer to do the 
wrong thing exactly right. 
Lesson 4: Developers of hospital information sys-
tems as well as those who use such systems must be 
self critical. Many times, ideas that sound good are 
terribly inefficient and do not serve the clinical commu-
nity well. 
Lesson 5: Having a computerized clinical data-
base provides interesting and exciting capabilities. 15 
However, if the data collected are not used for routine 
clinical patient care, the data stored in the computer 
is of marginal value. We talk about humans having ath-
letic skills: "that they have to use it or lose it." We can 
make a similar statement about data stored in a patient 
record: "use it or confuse it." The data will not generally 
be accurate unless there is a continued dependence on 
and checking of the information stored. 
if data are not used for routine 
clinical patient care, the data 
stored in the computer are of 
marginal value. 
Lesson 6: Integration of data from a wide variety 
of sources into a computetized medical record is worth 
more than the "sum of the individual parts." For exam-
ple, having data from a pharmacy computer application 
along with laboratory data can provide much more ac-
curate and helpful alerts to pharmacists, clinicians, and 
laboratory staff. 
Lesson 7: Incremental development and imple-
m entation of medical computing applications have 
been successful. In the process of gaining the confi-
dence level of the clinical medical staff, we have been 
able to better serve our clinical constituents. 
Lesson 8: Integration of clinical computing into 
the daily workings of a hospital is probably 80% a 
social experiment and only 20% a scientific venture. 
-
180 Medical Practice Management!Januai}'/Februal}' 1994 
The traditions and daily practices of medicine are hard 
to change. Careful interaction of medical informatics 
professionals with key medical staff and feedback are 
crucial to developing systems. 
Lesson 9: Computer hardware technology is mov-
ing so rapidly that by the time a clinical application 
can be developed there will be new equipment that will 
make it better. However, waiting until everything is 
"perfect" before starting is a mistake. Assuming that 
there will be a "big bang" installation of the perfect 
medical computing system is a "pipe dream" for at least 
another decade. 
Lesson 10: Standards development will make the 
development and integration of medical computing sys-
tems much easier and more efficient. One of the major 
obstacles to establishing a computer-stored medical re-
cord is the lack of "standards" that permit government, 
care providers, insurance companies, and medical com-
puter system developers to share patient data easily. 
Integration of data from a wide 
variety of sources ... is worth 
more than the sum of the 
individual parts. 
Lesson 11: A purely "free-text" computerized re-
cord will limit the power of medical computing. Today 
some hospitals are developing what they call an "elec-
tronic" medical record by reporting data in "free-text." 
To some people, free-text electronic mail constitutes 
an electronic medical record. While free-text electronic 
mail has its place in the modern hospital record system, 
it is only when the data are "coded" to have distinct 
meaning both to the people reading it, and to the com-
puters processing it, that we have met the ultimate 
needs of the modern electronic medical record. Exclu-
sive use of free-text constrains the utility of computer-
ized medical records because it assumes that only hu-
mans will make medical decisions based on the data 
transmitted. An implicit assumption we make when we 
generate paper records and store only "free-text" data 
is that the physician, nurse, or other health care profes-
sional can and will provide all the necessary intellectual 
analysis of the patient data. 
Lesson 12: Computers can be very beneficial in 
aiding clinical care providers with expert critiques and 
consults, and in providing directions. The quality of 
patient care can be improved by using medical comput-
ing. Medical diagnostic and treatment decisions have 
traditionally been considered to be artful, yet intuitive 
and scientific processes. In recent years, however, for-
mal methods for decision-making have been applied to 
·medical problem solving, and computer-assisted medi-
cal decision-making is gaining wider acceptance. For 
example, computers can be used to interpret a patient's 
ventilatory status based on blood gas laboratory data 
reports. Computers can also be used to alert physicians, 
nurses, or pharmacists when a medication may be con-
traindicated. Computers can also be used to provide 
physicians guidance by using computer-driven patient 
treatment protocols. 
. .. the perfect medical 
computing system is a pipe 
dream for at least another 
decade. 
Lesson 13: Lack of "vision" as to what clinical 
computing systems can do is the primary reason that 
computerized expert systems have not been more 
widely disseminated. In some recent interviews with 
our key clinical staff, this issue was repeatedly reported 
as limiting further system implementation.19 
CONCLUSION 
It is the goal of the developers of the HELP System 
to incorporate the mission outlined by the Institute of 
Medicine's computerized patient record into the plan-
ning and development of the computer-based patient 
medical record for the HELP System. 1 The mission is to: 
1. Support the effective, efficient use of compute~­
based patient information in patient care, health care 
policy making, clinical research, health care fmancing, 
and continuous quality improvement; 
2. Educate change agents and stake-holders (includ-
ing the general public and health professionals) about 
the value of computer-based patient medical records 
in improving health patient care; 
3. Foster the computer-based patient medical record 
as the primary vehicle for collecting patient data; and 
4. Promote the development and use of standards 
for computerized patient medical record security, data 
content, structures and vocabulary. 
At a recent retreat, the Department of Medical In-
formatics at LDS Hospital and our clinical colleagues 
established the following vision statement for the next 
decade. We are fully committed to be focused on the 
basic principle that the department's primary purpose 
for existence is to improve the quality of patient care 
locally, throughout the nation, and the world. We feel 
this can be accomplished through the development of 
a health care information system that would: 
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• Use state-of-the-art technology to establish a 
friendly interface between computers, patients, and 
health care workers, providing a hassle-free operation 
directed towards the need of the patient and users of 
the system. 
• Link and integrate all phases of patient care and 
support services from the physicians offices and outpa-
tient services, through hospitalization, referral and the 
financial system, thus creating a comprehensive, totally 
electronic patient medical record and database. 
• Provide a continuously updated knowledge base 
derived from the opinions of experts, the latest medical 
literature, accumulated databases along with cost and 
statistical information that is easily available and acces-
sible in real time to the health care worker. 
• Provide computerized decision-making logic for 
automated monitoring and sophisticated alerting of 
dangerous and potentially risky situations. This intelli-
gent system would facilitate diagnostic and therapeutic 
endeavors and provide guidance and direction by 
standardizing patient care thus fostering quality im-
provement, cost reduction, and enhancement of out-
comes research. 
• Function as the foundation of a new style of pa-
tient care that is based on quality data, a superior 
knowledge base, standardization of care, and scientific 
outcomes research. 
• The department will also strive to continually de-
velop the field of clinically-oriented medical informa-
tics by providing educational programs and promoting 
outcomes research. EE 
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